Introduction: Respiratory distress is common for which oxygen forms the mainstay of treatment and is given as humidified oxygen to newborn and children. The aim of the present study is to evaluate and compare the effect of warm and humidified oxygen with humidified oxygen alone in neonates and children with respiratory distress.
Introduction
Respiratory distress is one of the most common symptom complexes of the newborn. The presence of at least 2 of the 3 features of tachypnea (respiratory rate > 60 breaths/ min), retractions (intercostal and sternal retractions), and/or expiratory grunt constitutes respiratory distress. 1, 2 Acute lower respiratory tract infections causing obstruction of the smallto medium-conducting airways of the lung and resulting in respiratory distress in infants and young children and they present with tachypnea, retractions, stridor, and or wheeze. [3] [4] [5] [6] Treatment for respiratory distress can be both generalized and disease-specific. Oxygen supplementation is the mainstay. Humidified oxygen delivery to these distressed neonates or young children is given from oxygen cylinders, oxygen concentrators or central oxygen supply.
Only the infants who require assisted ventilation receive warm and humidified oxygen. [7] [8] [9] The oxygen coming from any source is cold. Though in principle it appears logical that oxygen should not be administered with humidification alone, but with warmidification too there is no such study which compares the outcome of humidified and warm oxygen with humidified oxygen alone in respiratory distress in neonates and children. 10, 11 In animal experiments and neonates use of warm and humidified oxygen has been found to be beneficial while on assisted ventilation.
12,13
This being the only study which envisaged to compare humidified oxygen versus warm and humidified oxygen amongst neonates and children with respiratory distress. Thus, we designed this descriptive observational study to evaluate and compare the effect of warm and humidified oxygen with that of humidified oxygen alone.
Materials and Methods
All neonates and children (2-12 years) reporting to the tertiary care facility with respiratory distress were assessed for inclusion in the study. In this study, 60 neonates with respiratory distress were included who met the inclusion and exclusion criteria. They were examined and gestational age was assessed and respiratory distress score (Downe's score) was observed.
14 After stabilization, the pulse oximetry readings were recorded and oxygen supplementation was given as humidified oxygen, and after 15 minutes they were enrolled in to either study group (warm and humidified oxygen) or comparison (humidified oxygen only) group alternately.
Inclusion Criteria

Newborns (both term and preterm ≥ 34 weeks POG)
admitted to the NICU for respiratory distress (tachypnea, retractions, or grunt) 2. Children of ages from 24 month to 12 years (both inclusive; age in completed years/months) presenting with respiratory distress and SpO 2 < 92%.
Exclusion Criteria
1. Newborns with respiratory distress requiring ventilation or those with congenital heart disease or congenital malformation; 2. Critically ill children having danger signs of impending respiratory failure; 3. Children with nonobstructive airway cause of respiratory distress; and 4. Children with any of the following comorbidities:
(a) congenital heart disease; (b) metabolic acidosis; and (c) central nervous system disease.
The two subgroups of neonates had oxygen delivery through oxyhood at 5 L/min. The study group followed the schema of warm and humidified oxygen for 2 hours followed by humidified oxygen for 2 hours and again warm (36°C-38°C) and humidified oxygen which was continued. In the comparison group, humidified oxygen was given first and alternated with warm and humidified later and back to humidified oxygen. The interphase for oxygen delivery in these children was oxyhood//face mask/nasal cannula. They were evaluated by a well-established clinical score of respiratory distress that includes monitoring the neonatal state using modification of Prechtl and Beintema state as Sleep, Awake, Cry (SAC) score in neonates (Table 1) along with Downe's score. 15 In children, wheeze as a major component along with respiratory distress score ( Table 2) 16 was monitored and the data was tabulated in Microsoft Excel and analyzed in SPSS version 22.0 using a two-tailed t-test.
The effect of comfort and tolerance to warm versus warm and humidified oxygen was monitored by modification of Prechtl and Beintema neonatal behavioral state as Sleep, Awake (quiet wakefulness), and Crying (SAC) score. 
Results
Amongst the neonates, the study population (n = 60) included newborns with gestational age 36.3 ± 2.3 weeks and weight of 2523.48 ± 698.95 grams. There was female preponderance in the study group of neonates (male to female ratio was 1:1.4). Majority (n = 32; 53.33%) of neonates were preterms and respiratory distress syndrome was the commonest cause (n = 20; 33.33%) followed by transient tachypnea of newborn (TTNB; n = 20; 33.33%), perinatal asphyxia (n = 6; 10%), and meconium aspiration syndrome (MAS; n = 5; 8.33%). A majority of neonates had moderate respiratory distress with Downe's score of 4.13 ± 2.01 and responded well to supplemental oxygen alone. The Downe's score did not show any significant correlation for the intervention of warm and humidified oxygen as compared to humidified oxygen when analyzed with two-tailed t-test (P = .224). The two-tailed P value at 2 hours, 4 hours, and 6 hours was .2917 (at 95% CI, -0.18-0.58; t = 1.064; df = 58; standard [Std] error of difference = 0.188), .6399 (at 95% CI, -0.21-0.35; t = 0.4788; df = 58; Std error of difference = 0.139), and .2241 (at 95% CI, -0.15-0.61; t = 1.2289; df = 58; Std error of difference = 0.190), respectively, which was not statistically significant.
The demographic profile of 60 children is given in Table 3 . The mean weight of boys was 15.34 + 5.28 kg (range: 9.2-45 kg; median: 16 kg), while that of girls was 14.8 + 4.97 kg (range: 9.5-32 kg; median: 14 kg).
Amongst 60 children, who had respiratory distress, presence of expiratory wheeze and hypoxia (SPO 2 <92%) apart from giving supplemental oxygen necessitated use of specific therapy for primary disease as well. Children with bronchial asthma formed the majority of cases (n = 36; 60%). The remaining 24 children (40%) were of virus induced wheezing (VIW). Of these subjects, 18 (30%) were associated with upper respiratory tract infections (URTIs) and 6 (10%) were secondary to lower respiratory tract infections (LRTIs). Among the children with asthma, the largest subgroup (n = 13; 36.1%) had moderate to severe exacerbation. This was closely followed by children with moderate persistent asthma (n = 11; 30.5%). Children with mild persistent asthma were 9 (25%). Very few children had mild intermittent asthma presenting with severe exacerbation of symptoms necessitating oxygen supplementation (n = 5; 8.33%). The remainder had acute bronchiolitis. It was found that the vast majority (n = 47; 78.33%) of patients had either moderate (61%) or severe (17.33%) respiratory distress giving us patients with significant respiratory distress for assessment. The remaining 13 (21.66%) had mild distress.
The two-tailed t-test showed P value at 2 hours, 4 hours, and 6 hours as .3421 (at 95% CI, -0.20-0.54; t = 1.056; df = 58; standard (Std) error of difference = 0.178), .5433 (at 95% CI, -0.21-0.50; t = 0.4378; df = 58; Std error of difference = 0.169), and .2334 (at 95% CI, -0.18-0.57; t = 1.3128; df = 58; Std error of difference = 0.189), respectively, which was not statistically significant.
Discussion
Respiratory distress is a common cause of newborn admission to neonatal intensive care unit. Even beyond neonatal age group, respiratory illnesses form one of the commonest group of illnesses in the pediatric age group. This study provides information about demographic profile of neonates and children presenting with respiratory distress with respect to their etiology and clinical assessment.
The majority of neonates (number and percentage) were preterm with slight female preponderance in our study population. The commonest cause was respiratory distress syndrome (33.33%) followed closely by TTNB (30%). Perinatal asphyxia, MAS, amniotic fluid aspiration aspiration, polycythemia, hypothermia, and large abdominal tumor were responsible for the remainder.
Most newborns had moderate respiratory distress and settled within 36-72 hours. The neonatal state variation based on modified SAC score between warm and humidified oxygen and humidified oxygen was not statistically significant. This could be due to the administration of warmidified and humidified oxygen by oxyhood in contrast to nasal cannula as reported by Holleman et al and Lampland et al 17, 18 in use of heated, humidified, high flow nasal cannula (HHHFNC) with benefit of giving some CPAP. The variation in heart rate was related to neonatal state and the cumulative effect of the primary disease could not be excluded. This should be further studied in larger population where humidified high flow cannula can be compared with intervention of heated, humidified, high flow nasal cannula. Wilkinson et al found insufficient evidence to establish the safety or effectiveness of HFNC as a form of respiratory support in preterm infants. When used following extubation, HFNC may be associated with a higher rate of reintubation than nasal CPAP. They recommended further that adequately powered randomized controlled trials should be undertaken in preterm infants comparing HFNC with nasal CPAP and with other means of respiratory support. 19 The other study group of children had a majority as females. While a preponderance of males in pediatric asthma is known and well established, the large number of boys in our study may be partially due to selection bias at the time of consent; a higher decline rate was observed in case of female patients, which may have been dictated by social factors. Most of our patients presented with moderate respiratory distress. In majority of large studies, patients had mild to moderate distress. The higher number of multiple previous episodes in our study may have had a role in this, as severity is known to increase with subsequent episodes.
The presence of a large proportion of patients with respiratory distress (78.33%) either had moderate respiratory distress (61.33%) or severe distress (16%), giving us patients with significant respiratory distress for assessment. At presentation, the mean clinical score was 4.85 + 2.06 (range: 2-9; median: 6), which decreased dramatically after a standardized intervention plan was affected and posttreatment values were taken, as there was no other objective parameter other than the response to treatment and patient preference while receiving the warm and humidified oxygen during the intervention cycles of 2 hours. A statistically significant difference in pre-and posttreatment respiratory distress score was observed, reflecting the high efficacy of treatment offered. However, there was no objective parameter to study the effect solely because of warm and humidified oxygen.
Spentzas et al studied the use of conventional humidified oxygen therapy with nasal cannula and found improvement in respiratory distress scores and oxygen saturation where possible mechanism of action may be application of mild positive airway pressure and lung volume recruitment. However, these effects are related to oxygen therapy alone.
20
Conclusion
Warm and humidified oxygen has not shown any significant statistical difference as compared to humidified oxygen in neonates with respiratory distress. The current method of humidified oxygen delivery can be continued for oxygen therapy of neonates. This could be related to oxygen delivery interphase using oxyhood in case of neonatal group and duration of intervention of warm and humidified vis-à-vis humidified oxygen being just 2 hours and thus limiting the outcome. Stand-alone humidifier with warmidification is useful when used as high flow nasal cannula for its additional effect of positive airway pressure, especially for neonates. Multicentric and larger randomized control trials may provide further evidence on the subject issue.
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